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Abstract 
According of the force and motion characteristics of the high altitude airship, a six-degree-of-freedom nonlinear 
dynamic model is presented. On the basis of the model, the digital simulation is carried out. The motion parameters 
of the airship are analyzed on the little perturbation. Finally, the results show that the airship longitudinal and lateral 
motions are unstable and the coupling of the longitudinal and lateral motion is weak in several seconds.  
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1. Introduction
A High altitude airship provides a unique and promising platform for surveillance and communication.
Comparing to traditional aircrafts, the airship has peculiar characteristics, example for long duration 
fighting and the demand of much less power. Therefore, the airship is considered as a new means for 
conducting multi-roles in civil as well as military applications [1].
The first step in the airship design process is to size the hull. The design rule is that the area/volume 
ratio is as possible as small. In general, the hull shapes of airships have lenticular hull, lift-body, multi-
lobe form and winged-hull. In order to adapt to the requirements of the airship roving and station keeping, 
the linear ellipsoid body is a good choice. The volume of the airship is determined by load, configuration 
mass and flying height. When the volume of the airship is given, the optimal shape requires minimal 
aerodynamic resistance. In preliminary design phase, the length/depth ratio is an important geometric 
parameter [2].
2. Aerodynamic Model
We will consist of an axisymmetric, teardrop-shaped hull with a cross empennage and tail fins for
stability. In modelling process, we assume as following: 
ⅰ.The airship is rigid body; 
ⅱ.Ignoring buoyancy effect;  
ⅲ.Considering the earth as WGS-84 normal ellipsoid; 
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ⅳ.Ignoring the influence of the earth spin velocity; 
ⅴ.Using by American standards of 1976 atmospheric environment atmosphere. 
2.1. Centroid dynamic equation 
When a airship flies in the air, it will be subjected to gravity, external force (including buoyant force, 
pushing force, aerodynamic force and controlling force) and added mass inertia force. According to the 
stress of the airship, we can write the centroid dynamic equation in inertial coordinate system for a given 
airship shape and size[3]:
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dm FGFV ++=                                                             (1) 
Where is the centroid velocity of the airship (relative to the speed of the earth), G is the gravity 
force of the airship. Let  be the body-centred velocity of the airship, and according to composition of 
velocity law,  may be given as  
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Where  is the radius vector of the body-centred to the centroid. ω is the rotational velocity of the 
airship. Using related knowledge of theoretical mechanics, the expression (2) may be changed as 
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We combine Eq.(2) and Eq.(3) to build the centroid dynamic equation in body coordinate as following 
AGoGo mm FGFrωωVωrωV ++=××+×+×+ )]([ &&                     (4) 
Noting the all physical quantity in Eq.(4) is transferred to body coordinate. 
2.2. Attitude dynamics equation 
We first write attitude dynamics equation of airship generally 
AgFggg MMωIωωI +=×+ )(&                                                   (5) 
Where is the rotational velocity of the airship about the earth, is the rotary inertia about the 
centre of airship mass,  is the sum of external force moment about the centre of gravity.  is 
added mass inertia moment about the origin of the body frame. Using d’Alembert principle , we write the 
new moment balance equation 
ω gI
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Where is the sum of external moment,  is the added mass inertia moment, is
gravitational moment about the centre of the airship body,  is Newton’s inertia moment about the 
centre of the airship body.  
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)]}([{][ GoGoGGGI mm rωωVωrωVrVrM ××+×+×+×−=×−=′ &&&            (8) 
Substitute (7) in (8), we could obtain  
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Where Eq.(10) is deduced by using the expression , is the rotary inertia about the centre of 
airship body. Then, simplifying Eq.(9) and Eq.(11), we can obtain attitude dynamic equation about centre 
of airship body as following 
0≡×ωω oI
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Where 
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2.3. Computing the Added Mass and Inertia Matrices 
When a airship moves in the atmosphere, it is acted by not only aerodynamic force which flow on the 
airship surface but added mass inertia force due to airship displaces fluid. For high speed flying vehicles 
which’s density are very higher than atmosphere, the added mass inertia force may be neglected. But for 
the airship which flies by buoyancy, we must consider the change which usually is denoted by added 
mass. Let  is added Mass Matrices, the momentum and momentum moment which are generated by 
added mass decouple to give [4]:
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Where  is the airship speed which is relative to wind. When wind speed is zero, 
. According to moment and momentum theorem, we can obtain the equation: 
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When the equation (15) is written as the form of Matrices, we obtain the expression of added forces 
and moment in body coordinate as following 
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The added mass and Inertia matrices are functions of the vehicle shape. For the double-ellipsoid model 
used in this analysis, they are expressed as follows: 
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Substitute (17) in (16), we could obtain  
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Due to the item  is only related to airship speed and aerodynamic formulas include the 
item, the aerodynamic equation ought to delete the item. Considering the previous factor, the equation 
may be overwritten as the form as follows 
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Where  is the added mass Inertia  1F
[ ] [ ] )(1 ff VmωVmF ′×+′= &                                             (20) 
When wind speed is zero, .  is change rate of wind speed on body coordinate. 0F =1 fV&
2.4.  Aerodynamic Equation 
Combining (4), (12) and (19) to the form of matrix, we find complete aerodynamic equation: 
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If assuming that airship centres of mass and buoyancy are superposition and centre of mass is on 
longitudinal symmetry plane of airship body, the equation expands to the form of scalarization. 
3. Simulation and Analysis 
A simulation of the complete non-linear model is conducted without rudder controlling. The airship is 
initialized at the design altitude and the desired velocity is 7 m/s with 5 angle-of-attack and sideslip. The 
time-response is shown in Figure 1 and Figure 2. 
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Fig.1    Response curve of the airship to longitudinal initial disturbance 
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Fig.2    Response curve of the airship to lateral initial disturbance 
Where andWVU ,, rqp ,,
q
are the components of body-centred velocity and rotational velocity about 
the airship body coordinate. It is interesting to examine the airship stability on the situation of little 
perturbation. When the airship is affected by initial attack angle , the longitudinal motion 
parameterU , and  all have a divergent trend and the lateral motions parameter V , and are 
unchanged. Where U is diminish slowly; W firstly return to zero rapidly, and then vibrate around zero. 
When the airship is affected by initial attack angle , V  firstly diminish rapidly, then increase 
quickly thanks to the influence of yaw rate, finally constringe to 1 after a concussion cycle. The 
rolling angular velocity 
5oα =
/m s
W q r
o
o 5=β
p  vibrate and divergent around zero; the yaw rate r  constringe to 
0.05 after concussion. The longitudinal motion parameters are nearly unchanged except the 
itemU . U  vary slowly in first seconds, and then diminish rapidly affected by the yaw rate r  and the 
drift speed v. in the both cases, we find that airship longitudinal and lateral motions are unstable and the 
longitudinal and lateral motions coupling is weak in several seconds. For airship which’s density and 
inertia are both large, the unstable design is necessary because it is in favor of turning and hovering 
controlling of airship. 
/ srad
4.  Conclusion 
This paper has provided useful methods for the modelling of a typical airship configuration, and 
discussed the unique issues associated with the operation of airships at high altitudes. The dynamics of 
the airship in flight was then expressed using the six degree of freedom equations of a rigid body, and 
including the effects of added mass and inertia. The digital simulation is carried out and the airship 
motion parameter change is analyzed on the little perturbation. Finally, the paper pointes out that the 
airship longitudinal and lateral motions are unstable and the longitudinal and lateral motions coupling is 
weak in several seconds.  
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